Cortical function and related cognitive, language, and communication skills are genetically influenced. The auditory brainstem response to speech is linked to language skill, reading ability, cognitive skills, and speech-in-noise perception; however, the impact of shared genetic and environmental factors on the response has not been investigated. We assessed auditory brainstem responses to speech presented in quiet and background noise from (1) 23 pairs of same sex, same learning diagnosis siblings (Siblings), (2) 23 unrelated children matched on age, sex, IQ, and reading ability to one of the siblings (Reading-Matched), and (3) 22 pairs of unrelated children matched on age and sex but not on reading ability to the same sibling (Age/Sex-Matched). By quantifying response similarity as the intersubject response-to-response correlation for sibling pairs, reading-matched pairs, and age-and sex-matched pairs, we found that siblings had more similar responses than age-and sex-matched pairs and reading-matched pairs. Similarity of responses between siblings was as high as the similarity of responses collected from an individual over the course of the recording session. Responses from unrelated children matched on reading were more similar than responses from unrelated children matched only on age and sex, supporting previous data linking variations in auditory brainstem activity with variations in reading ability. These results suggest that auditory brainstem function can be influenced by siblingship and auditory-based communication skills such as reading, motivating the use of speech-evoked auditory brainstem responses for assessing risk of reading and communication impairments in family members.
Introduction
Shared genetic and environmental influences can impact cognitive and neural function. Siblings are highly similar in their intellectual ability and other cognitive skills such as working memory, problem solving, reading, and language function (Barry, Yasin & Bishop, 2007;  important role in intersubject variations in cortical activity.
Oscillatory cortical activity at rest, which has been linked to cognitive abilities, language function, and risk for developmental disorders (Gou, Choudhury & Benasich, 2011; Grice, Spratling, Karmiloff-Smith, Hailt, Csibra, de Haan & Johnson, 2001; Rojas, Maharajh, Teale & Rogers, 2008) , is highly correlated among monozygotic twins (Boomsma et al., 1997; van Baal et al., 2001; van Beijsterveldt et al., 1996; Beijsterveldt and Baal, 2002; Young et al., 1972) . Correlations among dizygotic twins are lower than those for monozygotic twins, suggesting that shared genetics contribute a greater proportion of the shared variance among twins than a shared family environment (van Baal et al., 2001; van Beijsterveldt et al., 1996; Beijsterveldt and Baal, 2002; Young et al., 1972) . Response similarity is also higher among dizygotic twins than unrelated participants matched on age and sex, further supporting the impact of genetics on oscillatory cortical activity (Young et al., 1972) . While sex can affect cortical activity, studies generally find that there is no interaction between sex and heritability, suggesting that the similarity among responses of female twin pairs and male twin pairs is equivalent (van Baal et al., 2001; van Beijsterveldt et al., 1996) . Estimates of heritability, the amount of variance accounted for by genetic relative to environmental factors, can be as high as 79% for oscillatory cortical activity, and range from 33% to 73% for evoked cortical activity (Katsanis et al., 1997; van Beijsterveldt and van Baal, 2002) .
The amplitudes of obligatory auditory cortical responses such as N1, P1, and N2 are similarly more highly correlated in monozygotic twins than dizygotic twins (Anokhin et al., 2007; Katsanis et al., 1997; Martin, Tremblay & Stapells, 2007) . Although these correlations are lower than those of oscillatory activity, the correlations between monozygotic twins can be as strong as the correlation of activity across electrodes within an individual subject (Katsanis et al., 1997) . As evoked cortical responses are known to be somewhat variable across subjects and even within subjects at different test times (Kileny & Kripal, 1987; Walhovd & Fjell, 2002) , the strength of the relationship seen for monozygotic twins further supports that cortical activity has hereditary influences.
Task-dependent cortical activity also appears to be genetically influenced. The evoked P50 and P300 responses reflect attentional processing and change detection when stimuli are presented in an oddball paradigm (Anokhin et al., 2007; Katsanis et al., 1997; Wright et al., 2001) . These task-dependent responses can be linked to cognitive skills and also predict risk for developmental disorders and addiction (Gaspar, Ruiz, Zamorano, Altayo, Perez, Bosman & Aboitiz, 2011; Hill & Steinhauer, 1993; Orekhova, Stroganova, Prokofyev, Nygren, Gillberg & Elam, 2008) . For both types of response, activity of monozygotic twins is more similar than the activity of dizygotic twins, with heritability estimates of 48% to 61% for the P300 response and approximately 30% for the P50 response (Anokhin et al., 2007; Wright et al., 2001) . These heritability estimates may be lower than for other cortical activity because these task-dependent responses, particularly the P50, are only weakly reliable within an individual (Anokhin et al., 2007) . Evidence of moderate to strong heritability for cognitive skills among siblings supports that low heritability of the P50 is likely due to low reliability of the response within a subject (Blokland et al., 2011; Hart et al., 2009; Petrill et al., 2006; Wright et al., 2001) .
Although not previously assessed, auditory brainstem function may similarly show evidence of heritability. The auditory brainstem response to complex sounds, including speech, is a reliable electrophysiologic response that reflects environmental influences on auditory processing (Hornickel, Knowles & Kraus, 2012b; Skoe & Kraus, 2010; Song, Nicol & Kraus, 2011b) . Unlike the clickevoked auditory brainstem response, the speech-evoked response mimics the acoustics of the stimulus with considerable fidelity, to the degree that the stimulus can be identified from an acoustic playback of the brainstem response (Chandrasekaran & Kraus, 2010; Galbraith, Arbagey, Branski, Comerci & Rector, 1995; Skoe & Kraus, 2010; see Skoe & Kraus, 2010 , for greater detail about the response characteristics and recording techniques). The speech-evoked auditory brainstem response reflects the simultaneous and synchronous activity of multiple neural generators that can be influenced by lifelong experience, short-term auditory training, and even directed attention (Hornickel, Zecker, Bradlow & Kraus, 2012d; Krishnan, Gandour & Bidelman, 2010; Parbery-Clark, Skoe & Kraus, 2009; Parbery-Clark, Strait & Kraus, 2011; Rinne, Balk, Autti, Alho & Sams, 2008; Russo, Hornickel, Nicol, Zecker & Kraus, 2010; Russo, Nicol, Zecker, Hayes & Kraus, 2005; Song, Skoe, Banai & Kraus, 2011c; Song, Skoe, Wong & Kraus, 2008) . The auditory brainstem response can also reflect communication disorders such as poor reading ability and speech-in-noise perception (Anderson, Skoe, Chandrasekaran & Kraus, 2010a; Anderson, Skoe, Chandrasekaran, Zecker & Kraus, 2010b; Banai, Hornickel, Skoe, Nicol, Zecker & Kraus, 2009; Chandrasekaran, Hornickel, Skoe, Nicol & Kraus, 2009; Chandrasekaran & Kraus, 2012; Hornickel, Anderson, Skoe, Yi & Kraus, 2012c; Hornickel, Chandrasekaran, Zecker & Kraus, 2011; . Children with reading impairments have deficient auditory brainstem function relative to their typically developing peers, particularly in response to the spectrotemporally dynamic portion of the speech syllable important for linguistic meaning (i.e. the formant transition; Banai et al., 2009; Chandrasekaran et al., 2009; Chandrasekaran & Kraus, 2012; Hornickel et al., 2012c; Hornickel et al., 2011; Hornickel et al., 2009) . Because these deficits are specific to acoustic elements important for distinguishing speech sounds, deficient auditory brainstem function may reflect and/or contribute to the poor phonological processing and phonological memory skills seen for children with reading impairments (Banai et al., 2009; Boets, Vandermosten, Poelmans, Luts, Wouters & Ghesquiere, 2011; Chandrasekaran et al., 2009; Chandrasekaran & Kraus, 2012; Dufva, Niemi & Voeten, 2001; Gathercole, Alloway, Willis & Adams, 2006; Gibbs, 2004; Goswami, Gerson & Astruc, 2009; Hornickel et al., 2012c; Hornickel et al., 2011; Hornickel et al., 2009; Ramus & Szenkovits, 2008; Richardson, Thomson, Scott & Goswami, 2004) .
Reading ability and language function are known to be hereditary (Barry et al., 2007; Friend, DeFries & Olson, 2008; Lind, Luciano, Wright, Montomery, Martin & Bates, 2010; Petrill et al., 2006; Tomblin & Buckwalkter, 1998) , with heritability estimates of 45% to 77%; however, familial influence on the speech-evoked auditory brainstem response has not previously been explored. If siblingship contributes to impaired auditory brainstem function in poor readers, it may become possible to determine the risk of younger siblings of children with reading impairments for developing reading deficits. The present study was conducted to assess the influence of siblingship and similarity of literacy skills on the auditory brainstem response to speech. We collected auditory brainstem responses to speech from (1) same sex, same learning diagnosis (reading impaired or typically developing) sibling pairs (Siblings), (2) controls matched to one of the siblings on reading ability, IQ, age, and sex (Reading-Matched), and (3) pairs of controls matched to the same sibling only on age and sex (Age/Sex-Matched). We calculated the similarity among responses from siblings and compared that to the similarity among responses from reading-and IQmatched controls as well as to the similarity among responses from age-and sex-matched controls using intersubject-response correlations. We predicted that response similarity among siblings would be highest, followed by response similarity for children matched on reading ability, as reading ability is known to relate to specific characteristics of the auditory brainstem response. We also expected that the response similarity in both groups would be significantly greater than response similarity for unrelated children matched only on age and sex. Although shared family environment and genetic influences cannot be disentangled, these results would suggest that auditory brainstem responses to speech reflect effects of relatedness, with implications for their use as a biological marker of reading impairment.
Methods

Participants
Participants included 113 children (83 males, 30 females) between 6 years-5 months and 14 years -10 months of age (mean = 11 years-3 months). All participants had normal hearing defined as air conduction thresholds < 20 dB HL for octaves from 250 to 8000 Hz with air-bone threshold gaps < 10 dB for octaves 500-4000 Hz, click-evoked brainstem responses within laboratory based norms (100 ls stimulus presented at 31.3 Hz and 80 dB SPL), and 95% confidence intervals for an estimate of IQ including scores > 85 (Wechsler Abbreviated Scale of Intelligence; . None had any current or prior neurological disorders, but 35 children with diagnosed learning impairments were included to assess relationships across a continuum of reading ability.
Children were divided into four groups based on their shared siblingship, reading abilities, age, and sex, resulting in three comparisons: Siblings, Reading-Matched, and Age/Sex-Matched (see Table 1 ). Participants in the current study were tested as part of three larger studies with slightly differing stimulus presentation methods. Thus, participant pairs described below were matched on study so that intersubject-response correlations were only generated for pairs of participants in the same study.
Siblings
Forty-six of the participants were same sex siblings with identical diagnoses of learning impairments (both learning impaired or both typically developing), and were randomly divided into two groups (Sibling 1 and Sibling 2). There were four twin pairs in the siblings groups, but no data on zygosity were available. Responses from each pair of siblings were compared to each other, resulting in 23 pairs.
Reading-Matched
For subjects in the Sibling 1 group (randomly selected members of sibling pairs), unrelated children matched for sex, age (maximum deviation = 6 months), reading abilities as assessed by the Test of Oral Word Reading Efficiency 
Age/Sex-Matched
For this group, unique pairs of participants were formed (not including members of the Sibling 1 group), who were matched in age (maximum deviation = 6 months) and sex to a specific member of the Sibling 1 group and to each other. These participants were not matched on IQ or reading skill with the subjects in the Sibling 1 group or with each other. Due to the large number of children of similar age and sex who were already part of the Siblings and Reading-Matched comparisons, two independent participants were chosen for this group to eliminate overlap. For the same reason, a pair of age-and sex-matched participants could not be found for one member of the Sibling 1 group and one member of the Age/Sex-Matched group differed in age from their matched pair mate by 8 months. Responses from ageand sex-matched children were compared to each other, resulting in 22 pairs. The groups did not differ in age (F 4, 84 = 0.208, p > .9), IQ (F 4, 84 = 0.257, p > .9), reading ability (TOWRE: F 4, 84 = 1.046, p > .3, TOSWRF: F 4, 84 = 0.894, p > .4), or maternal education as reported in a parental questionnaire (F 4, 64 = 0.187, p = .7).
Electrophysiological stimulus and recording parameters
The six-formant speech stimulus /da/, synthesized using KLATT (Klatt, 1980) , was 170 ms in length (50 ms formant transition and 120 ms steady-state vowel) with a stable fundamental frequency (100 Hz) and fourth (3300 Hz), fifth (3750 Hz), and sixth (4900 Hz) formants. The first three formants were dynamic during the formant transition period, rising from 400 to 720 Hz, falling from 1700 Hz to 1240 Hz, and falling from 2580 to 2500 Hz, respectively. The stimulus was presented in quiet and in the presence of six-talker babble background noise made up of four female and two male voices. The voices spoke grammatically correct but nonsensical sentences and were mixed in Cool Edit Pro, Version 2.1 (Syntrillium Software, 2003) . The babble track for 67 of the participants was 4.7 s long; for the remaining 46 participants it was 45 s long. The signal-to-noise ratio of the babble track was set at + 10 dB based on the root mean square amplitude of the entire track.
Stimuli of alternating polarity were presented at 80 dB SPL through an insert earphone (ER-3, Etymotic Research) to the right ear using the stimulus presentation software Neuroscan Stim 2 (Compumedics) with an interstimulus interval of 60 ms (n = 67) or 81 ms (n = 46). A vertical electrode montage (active Cz, forehead ground, and ipsilateral earlobe reference) was used to record responses at a sampling rate of 20 kHz using Neuroscan Acquire 4.3 (Compumedics). During electrophysiological recording, participants were seated in a comfortable chair and allowed to watch a movie of their choice. The soundtrack of the movie was played at < 40 dB SPL in the testing booth, audible through the participant's unoccluded left ear. Movie viewing encouraged participants to sit quietly and relaxed for the testing session.
Data processing
Data processing replicated previously published studies (Hornickel et al., 2012b) . Responses were bandpass filtered from 70 to 2000 Hz (12 dB/octave roll-off) and broken into 230 ms analysis windows (n = 92) or 250 ms analysis windows (n = 21; 40 ms of pre-stimulus activity in both cases). Trials with amplitude greater than AE 35 lV were excluded as artifact. Responses to individual polarities were averaged and then added to create a final average of 6000 sweeps (3000 of each polarity). The addition of responses to alternating polarities eliminates the cochlear microphonic and reduces the impact of stimulus artifact, along with our use of common mode referencing and insert earphones (Aiken & Picton, 2008; Campbell, Kerlin, Bishop & Miller, 2012; Gorga, Abbas & Worthington, 1985) .
Data analysis
To assess the similarity of responses between matched subjects, we calculated intersubject-response correlations over 0-180 ms of the response using Matlab 7.3 (Mathworks, Natick, MA). Responses were allowed to shift up to 1.5 ms in time to yield the largest correlation coefficient between responses. These correlation coefficients represented the similarity of responses for siblings (Siblings), age-, sex-, IQ-, and reading-matched children (Reading-Matched), and age-and sex-matched children (Age/Sex-Matched). While response-response correlations are often conducted within an individual to assess the impact of background noise on the response (Parbery-Clark et al., 2009; Russo et al., 2005) , this type of intersubject correlation of responses has also been utilized to assess the genetic influence on evoked cortical responses by Young and colleagues (Young et al., 1972) . As would be expected, variability is higher between individuals than within an individual; however, intersubject variability in auditory brainstem responses is often quite low (Edwards, Buchwald, Tanguay & Schwafel, 1982; Lauter & Oyler, 1992; Tusa, Stewart, Shechter, Simon & Liberman, 1994) , sizably smaller than for cortical responses (Kileny & Kripal, 1987; Walhovd & Fjell, 2002) . Our observed correlations between evoked brainstem responses were similar and in some cases larger than observed correlations among dizygotic twins for both resting EEG and cortical evoked responses (Katsanis et al., 1997; Young et al., 1972) , suggesting that our methodology is valid.
In addition, the within-subject variance (Within-Subjects) for participants in the Sibling 1 group was assessed by calculating the correlation between responses collected during the first half of the recording session (3000 presentations) and those from the second half of the recording session (3000 presentations) over the same time range (0-180 ms) . Again, the responses were allowed to shift up to 1.5 ms in time to find the largest correlation coefficient. This type of measure of withinsubject variance has been shown to be reliable (r = 0.741) over the course of one year of growth in children with a wide range of reading ability (Hornickel, Knowles & Kraus, 2012a; Hornickel et al., 2012b) .
All correlation coefficients were Fisher-transformed to z-scores for statistical analyses but were converted back to correlation coefficients for visual clarity in the figures.
Statistical analysis
All statistical analyses were run using SPSS (IBM Corporation, Armonk, NY). The similarity of responses (intersubject-response correlations) were compared for each pairing of participants (Siblings, Reading-Matched, Age/Sex-Matched) and the within-subject response variance (Within-Subject) using paired t-tests. We chose to employ paired t-tests because the subjects were matched on a number of behavioral (reading, IQ) and/or physical characteristics (age, sex). Analyses were conducted independently for responses in quiet and those in noise. Due to data collection malfunctions, responses in noise were not available for two participants. This resulted in one missing data point each for the Siblings, ReadingMatched, and Age/Sex-Matched comparisons.
Results
As was predicted, responses from two siblings were more similar than responses from either Reading-Matched or Age/Sex-Matched pairs; however, responses from Reading-Matched pairs were also more similar than responses from Age/Sex-Matched pairs. Similarity in response characteristics due to shared familial factors or literacy skills were seen for responses to speech both in quiet and in noise. These results suggest that the auditory brainstem response to speech reflects both siblingship and similarities in reading proficiency.
The intersubject-response correlations among pairs of siblings with the same sex and learning diagnosis (Siblings) were significantly greater than correlations among responses for two unrelated children matched on age and sex only (Age/Sex-Matched) for responses in quiet (t 21 = 5.282, p < .001; see Figures 1A, C, E and Table 1 ) and in noise (t 19 = 3.799, p = .001; see Figure 1F) . Given that auditory brainstem response characteristics are known to pattern with reading ability, we expected that responses from Reading-Matched children would be more similar than responses from Age/SexMatched children. The intersubject-response correlations In panel C, the two independent children of the same age and sex are represented in gray and blue. E. Intersubject-response correlations among age-and sex-matched children were significantly weaker than for all other comparisons for responses in quiet (p .01). The Sibling group had stronger response similarity than children matched on reading ability, IQ, age and sex (Reading-Matched; p < .05), and were not significantly different from the similarity of responses within an individual, reinforcing the influence of siblingship on auditory brainstem responses to speech. Because responses from the Reading-Matched group were more similar than responses from age-and sex-matched children, there is support that auditory brainstem response morphology varies with reading skill independent of shared genes and family environment. F. As noise is known to degrade the response, the overall strength of correlations dropped when compared to speech in quiet, but Reading-Matched and Siblings groups still had more similar responses than age-and sex-matched controls (p < .05 and p = .001, respectively). The Reading-Matched and Siblings groups no longer differed in response similarity. WithinSubjects response correlations were significantly stronger than all other comparisons (p .01) except for the Siblings comparison where the difference was trending (p < .08).
for Reading-Matched pairs were significantly greater than intersubject-response correlations for Age/SexMatched pairs for responses in quiet (t 21 = 4.298, p < .001; see Figures 1B, C, E and Table 1 ) and in noise (t 19 = 2.865, p = .010; see Figure 1F ).
When comparing the correlations among responses for two siblings (Siblings) and two unrelated but readingmatched children (Reading-Matched), the correlations between siblings were significantly greater in quiet (t 22 = 2.661, p = .014; see Figures 1A , B, E and Table 1 ), but not in noise (t 21 = 0.845, p = .407; see Figure 1F ). Background noise is known to degrade the response (Burkard & Don, 2007) and perhaps increases intersubject variability resulting in weaker similarities among responses from siblings.
Correlations among responses from siblings (Siblings) were also compared to the response variance of an individual across the recording (Within-Subject). The intersubject-response correlations from siblings were not significantly different from the within-subject correlations for responses in quiet (Within-Subjects: M = 0.709, SD = 0.19; t 22 = 0.422, p = .677; see Figures 1A, D, E) . In noise, however, within-subject correlations tended to be larger than the inter-response correlations of siblings (Within-Subjects: M = 0.601, SD = 0.17; t 21 = 1.875, p = .075; see Figure 1F ). The lack of difference between within-subjects correlations and inter-subject correlations from siblings replicates observations that cortical responses from monozygotic twins were as similar as responses across different scalp electrodes within an individual or responses within an individual across time (Katsanis et al., 1997; van Beijsterveldt et al., 1996) . On the other hand, intersubject-response correlations for Reading-Matched children were significantly smaller than within-subject correlations for both quiet (t 22 = 2.343, p = .015) and noise (t 21 = 3.465, p = .002; see Figures 1E and F, respectively) .
Discussion
The aim of the present study was to shed light on the influence of shared genetic and environmental factors on the auditory brainstem response to speech. Surprisingly few studies exist investigating the heritability of auditory brainstem function, even though responses to simple stimuli are widely used to assess hearing ability and auditory nervous system health (Hall, 2006; Hood, 1998; Sininger, 2007) . In the present study we found that auditory brainstem responses from two siblings of the same sex and learning diagnosis were more similar than responses from pairs of children matched on age and sex alone, or pairs of children additionally matched on IQ and reading ability. This suggests that siblingship has a greater impact on auditory brainstem response morphology than does reading ability. In fact, responses from siblings were as similar as two responses of an individual collected within the same recording session.
A number of studies have shown that cortical activity including oscillatory activity, obligatory evoked responses, and task-dependent evoked responses are genetically influenced. In these studies, monozygotic twins had more similar responses than did dizygotic twins, indicating that much of the variance in cortical activity can be accounted for by shared genetic material beyond the impact of shared home, familial, and even uterine environment (Anokhin et al., 2007; Boomsma et al., 1997; Katsanis et al., 1997; van Baal et al., 2001; van Beijsterveldt et al., 1996; van Beijsterveldt & van Baal, 2002; Wright et al., 2001; Young et al., 1972) . These studies give heritability estimates of 33%-79% for cortical oscillatory and evoked responses, which are similar to heritability estimates for risk factors of Type II diabetes (Jermendy, Horv ath, Littvay, Steinback, Jermendy, T arnoki, T arnoki, M etneki & Osztovits, 2011; Poulsen, Dyvik, Vaag & Beck-Neilsen, 1999) . As with the risk for developing diabetes, there are environmental factors that can influence cortical activity, leading to heritability estimates of less than 100%. The strength of intersubject-response correlations that we saw for our sibling pairs is similar to the strength of correlations seen for dizygotic twins in a number of studies because, presumably, our sibling pairs share the same amount of genetic material on average as dizygotic twins and similarly have a shared home environment (Katsanis et al., 1997; Young et al., 1972) . There is evidence that the auditory brainstem response to speech is relatively stable during the elementary and junior high school years (Hornickel et al., 2012a (Hornickel et al., , 2012b Johnson, Nicol & Kraus, 2008) , but the strength of correlations seen for our sibling pairs even though they were up to 74 months apart in age (average 26 months) further supports the strong influence of relatedness on auditory brainstem function.
Similarity in auditory brainstem function also appears to be linked to common reading ability. Numerous studies have shown that poor readers have characteristic deficits in the representation of timing and harmonic elements of speech relative to their typically developing peers (Anderson et al., 2010a; Banai et al., 2009; Chandrasekaran et al., 2009; Chandrasekaran & Kraus, 2012; Hornickel et al., 2012c; Hornickel et al., 2011; Hornickel et al., 2009) . We expected and found that children who were matched on reading ability would show more similar auditory brainstem response morphology than children who were matched on age and sex alone, reinforcing previous results that specific auditory brainstem response characteristics are linked with reading ability. This reinforces the notion that auditory brainstem responses to speech and other complex sounds could provide a metric for assessing risk for communication disorders such as reading impairments, auditory processing disorders, and poor speech-in-noise perception. The results of the present study further support that there are characteristic differences between poor readers and their typically reading peers in auditory brainstem responses to speech. These similarities are beyond those due to age and sex alone, both factors known to impact auditory evoked responses (Burkard & Don, 2007; Hood, 1998; Ponton & Eggermont, 2007) .
Because the auditory brainstem response is reliable from test to retest in the absence of focused intervention or training (Hornickel et al., 2012b; Song, Nicol & Kraus, 2011a; Song et al., 2011b) , it may contribute to the assessment of genetic influence on auditory function. Previous studies of cortical activity report differing heritability estimates, largely because of increased within-subject variability that can occur in cortical activity (Anokhin et al., 2007; Kileny & Kripal, 1987; Walhovd & Fjell, 2002; Wright et al., 2001) . If responses are only weakly reliable within a subject, strong correlations of responses between twins may not reflect heritability of the response characteristics but random variations in the individual responses. The reliability of the auditory brainstem response to speech also recommends it for clinical use, similar to the well-established use of auditory brainstem responses to simple stimuli for peripheral hearing and neural assessments (Hall, 2006; Hood, 1998; Sininger, 2007) .
A number of studies have shown that task-dependent cortical activity, such as the P50 and P300 responses, can be affected by addiction, psychiatric disorders, and developmental disorders (Gaspar et al., 2011; Hill & Steinhauer, 1993; Orekhova et al., 2008; Turetsky, Cannon & Gur, 2000) . Importantly, unaffected family members of patients with these different conditions often have similar response properties as their affected family members (Benegal, Jain, Subbsukrishna & Channabasavanna, 1995; Hill & Steinhauer, 1993; Maziade, Merette, Cayer, Roy, Szatmari, Cote & Thivierge, 2000; Steinhauer, Hill & Zubin, 1987; Turetsky et al., 2000) . Although the family members are currently unaffected, this could suggest a higher risk for development of addiction, etc., and clearly supports that these risk factors are mediated by shared genetic and environmental factors. The genetic contribution to reading impairments and dyslexia has been supported by recent genome sequencing studies and from evidence that learning disabilities and language disorders often co-occur in family members (Barry et al., 2007; Lind et al., 2010; Paracchini, 2011; Petrill et al., 2006; Tomblin & Buckwalkter, 1998) . Our results support that the auditory brainstem response to speech, known to be linked to reading ability (Anderson et al., 2010a; Banai et al., 2009; Chandrasekaran et al., 2009; Chandrasekaran & Kraus, 2012; Hornickel et al., 2012c; Hornickel et al., 2011; Hornickel et al., 2009) , is influenced by shared genes and home environment above and beyond the similarities in reading ability.
A limitation of the current study is that only four of the sibling pairs involved were twin pairs, with unknown zygosity. Previous analyses of the genetic influence on cortical activity compared monozygotic and dizygotic twins to assess heritability. We are unable to determine heritability in the present study and are also unable to disentangle the impact of shared genes and shared home environment. As socioeconomic status and parent education level impact reading ability and cognitive skills through a host of factors, and even modulate the heritability of reading skills (Friend et al., 2008; Hanscombe, Trzaskowski, Haworth, Davis, Dale & Plomin, 2012) , it is possible that home environment is driving the sibling similarities in auditory brainstem responses. When performing a non-parametric analysis comparing intersubject-response correlations from our four twin pairs and the remaining 19 sibling pairs we see no significant difference in response similarity between twins and non-twin siblings (quiet: Mann-Whitney U = 30, p = .557; noise: U = 24, p = .342). Again, we did not have any information about the zygosity of our twins and, as dizygotic twins share the same amount of genetic material on average as non-twin siblings, we would not anticipate a difference unless we could confirm monozygosity in our twin pairs. As these data also cannot disentangle shared genetic influence from shared environment, we conducted an additional analysis of maternal education, as provided by self-report from the parents. Recall that the groups did not differ on maternal education, and we additionally found that maternal education did not predict response similarity for siblings (quiet: r = À0.028, p = .901; noise: r = 0.016, p = .946) or for reading-matched children (quiet: r = 0.019, p = .930; noise: r = À0.143, p = .526). This gives some support for genetic influences on response similarity among siblings; however, future work should include a controlled study of twin pairs to assess the heritability of auditory brainstem function.
The present results suggest that the auditory brainstem response could be a particularly useful metric for assessing risk of reading impairment in children who have family members with reading disorders. Further expansion of this work could include an evaluation of the similarity among responses from parents and their children and an investigation of response similarities for siblings who differ in learning diagnosis. Both of these results would lend further support to the auditory brainstem response to speech as an appropriate marker of risk for reading impairment among family members.
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